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WHEN BEING MORALLY RESPONSIBLE ISN'T SIMPLE
Richard H. Bube
Department of Materials Science and Engineering
Stanford University
Stanford, California
Human nature craves simple solutions for complex

processing of food for the consumer again requires

problans.

large energy inputs, a rapidly increasing demand

The energy problan - like many other

ethical problems - does not yield to simple solu

in the present day of pre-processed, pre-packaged,

tions.

pre-baked, frozen or dehydrated foods. Although

In his farewell speech to the President's

Cabinet in 1970, Daniel Moynihan said,

a limitation in population growth obviously would

"A century ago the Swiss historian Jacob
Burkhardt foresaw that ours would be the
age of 'the great simplifiers,' and that
the essence of tyranny was the denial of
complexity. He was right. This is the
single great temptation of our time. It
is the great corruptor, and must be re
sisted with purpose and energy. What we
need are great camplexifiers, men who
will not only seek to understand what it
is they are about, but who will also
dare to share that understanding with
those for whan they act."

benefit the many pressures on energy, food and the
environment, it is probable that a limitation on
population only would have little more than a per
turbative effect on the total constellation of
problems.

The increase in environmental pollution

since 1946 is seven times the increase in popula
tion, (1) largely because of a major change in pro
duction technologies starting after Wbrld War II.
It appears that little less than a dramatic change

There are many ways that simple solutions are

in values and lifestyle is appropriate for major

sought for the energy problems.
a few of them this afternoon.

inprovements in the near future.

Let us consider

2. The Simplification that the Energy Problem is

1. The Simplication that the Energy Problem

Caused totally by Special Elements or Inter

Stands by Itself.

ests in Society.

Any attempt to separate problans associated with

Of course, everyone would like to find a scape

energy frcm those associated with population,

goat. It must be someone's fault.

food supply or environmental concerns is doomed

targets present themselves; the energy industry,

to failure.

We are dealing with a carplex sys

Three convenient

the federal government, and the environmentalists.

tem with many interconnections; attempts at sim

As seen by their adversaries, the first conspires,

plistic or reductionistic solutions are bound to

the second bungles and the third obstructs.

be inadequate.

first is a knave, the second a fool, and the third

An increasing population seeking

The

an increasing standard of living requires greater

a dreamer. (2) But scapegoats usually provide

energy consumption of many different types, in

little more than convenient places to assign

cluding food.

blame, and more basic causes of the energy crisis

The production of food in turn de

pends critically upon large inputs of energy for

are much more deeply rooted in human nature and

farm machinery, transportation, irrigation, fer

culture.

tilizers, pesticides and related activities.

The
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Even during the interval when these traditional

3. The Simplification that there really isn't any

sources of energy are still available, however,

Energy Problem after all.

the energy crisis will manifest itself as a dras

If being at the beginning of a radical change

tic increase in the cost of energy:

in the availability, cost and mode of energy sup

a cost to be

reckoned not only in dollars, but in degradation

ply is in mind, there certainly is an Energy

of the environment, and in damage to the health

Problem.

and welfare of human beings.
Traditional sources of energy-the fossil fuels,

From these effects

such as coal, petroleum and natural gas-are run-

spring a major lesson of the energy crisis:
there are many costs (energy, environment, health)

ing out as presently foreseeable rates of use are

beside financial costs, and any balance sheet that

projected into the near future.

Just 100 years

excludes them will cover up massive deficits in

ago, the principle source of energy in the United
States was wood.

the quality of human life.

Subsequent industrial develop
But the energy crisis is not the result only of

ment was built on the large exploitation of our
coal resources.

the depletion of traditional and environmentally

About the time of World War I,

acceptable sources of energy.

oil began to become a major contributor to our
energy consumption.

It is also the re

sult of an absence of presently viable alternatives.

Finally in about 1950 natural

Alternatives are known - nuclear fission, nuclear

gas took over a significant role in our economy.

fusion, solar heating, solar electric, wind, geo

The large utilization of these fossil fuels is

thermal, hydroelectric, and fuel from wastes - but

therefore a rather recent development against the

no single one of these, or simple combination of

history of the planet earth itself.

several of these, is known today to meet the pro
Even if coal is utilized in many different ways

jected energy requirements of the year 2000.

not presently used (e.g., solvent refining, pyrol
ysis, gasification, magnetohydrodynamic generators,)
its supply is hardly infinite and we will probably

235

is short-range, the

supply of this material being more limited that
the supply of coal.

begin to run out of coal in about 300 years or
less.

Nuclear fission involing U

The nuclear breeder reactor

overcomes this difficulty by producing more fis

The attempt to use coal more widely threa

sionable material than is consumed.

tens the air through volatile pollutants and the

But whether

the operation, handling of radioactive wastes, and

exploitation of strip mining to tap our major re
serve of coal threatens the earth with degradation.

protection against accident and sabotage can be
sufficiently controlled to warrant its operation,

Domestic petroleum production peaked in 1971. Al

is still a subject for intense public debate.

though 89% of all fossil fuels remaining today

Nuclear fusion promises the ultimate limitless

are in the form of coal, 77% of United States con

source of energy, but the technical problems in

sumption involves the use of oil and natural gas.

volved in bringing it to practical use are extreme,

Of all known petroleum reserves in the world, 75%

if solvable at all.

are in the Middle East, where they will continue
to be constantly threatened by international poli
tics.

All of the other alternative sources of energy arise from just three sources:

It is expected that we will begin to ac

the radiation frcm

the sun, the gravitational effect of sun and moon

tually run out of petroleum (as contrasted to

on the tides, and the heat inside the earth itself.

local or politically-generated shortages, which

All of these sources will make a contribution to

are already with us) in about 25 years.

the future needs for energy, but is is unreasonable
Natural gas is an ideal fuel, but its supply is

to suppose that they are going to supply a major

so limited that the United States imay b u m the

share of the needs predicted for 2000 within the

last molecule of natural gas within 20 years.

context of present-day lifestyles.
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The effective use of such alternative sources of

of energy due to a higher standard of living and

energy also calls for a technology of energy trans

becoming accustomed to a variety of labor-saving

mission and storage that is not presently avail

devices and technological processes only aggravates
the problem further.

able. Many of than are transient sources (solar
wind) and their utilization requires that excess
energy received during periods of supply be stored
for use in periods of dormancy.

4.3 Changes in agricultural practice.

Modem

methods of agriculture have revolutionized the

When all the as

production of food, but at the expense of greatly

pects of the present energy situation are consid

increased consumption of energy.

ered, including the physical, social, economic,

The number of

calories of energy needed to produce 1 calorie of

technical and human changes that are required for

food for actual consumption has increased continu

the future of human life on earth, there seems to

ously over the last 50 years from about 2 calories

be no other answer than,"Yes, there is an energy
problem.

in 1920 to almost 10 calories in 1970. (3) Na
tural fertilizers from animal manure have been al

4.

The Simplification that the Energy Problem is
totally the consequence of selfish or irre

most completely replaced by chemical fertilizers
that not only require energy consumption to pro

sponsible human decisions.

duce but result in pollutioh of local water re
sources.

It is perhaps useful to realize that some contri

Financial costs and economic considera

butors to the energy crisis arise from what might

tions have controlled the situation; energy costs

be called ccrtimendable or at least neutral aspects
of human life.

have not been hitherto part of the balance sheet.

4.1 Development of environmental consciousness.

Widespread use of automobiles and airplanes for

The growth of an awareness of the need to protect

individual travel has added immeasurably to the

the environmeit has been slow and fairly recent.

freedom of each person, but at a greatly increased

4.4 Changes in node and style of transportation.

The consequence of this enhanced awareness of the

cost in energy.

importance of the total man-nature system has been

the United States is for transportation including

an unwillingness to sacrifice the environment for

both passenger and freight.

the production of more energy.

efficiency for passenger travel by a suburban

The environmental

One-fourth of the energy use in
The transportation

cost of new energy is one of the main factors to

train is twice that by bus, seven times that by

be considered in choosing from alternative energy

automobile, and ten times that by jet plane.

possibilities.

transportation efficiency for freight movement by

4.2 Growth of population.

The

The growth of popula

a sipertanker is four to ten times greater than by

tion, per se, is probably to be attributed to the

train, twenty times that by truck, and one hundred

intrinsically good drives of human nature.

times that by jet plane. (4) Our practice, how

For

millennia the generation of many children was both

ever, in each case has been to move more and more

a sign of divine favor and a practical contribu

toward the less energy-efficient mode.

tion to the welfare of the family.

High infant
4.5 Urbanization.

mortality called for an even greater conception
rate.

But we have arrived at a time in the his

dependent upon supplies from outside locations,

tory of the world when the uncontrolled growth of

intensifies the need for energy consumption in or

population seams certain to bring a series of ca
tastrophes including its own limitation.

The development of city living,

with its high population density almost completely

der to meet the needs of people.

As hu

The plight of

our great cities has many causes, but energy pro

man beings continue to "do what cares naturally"
the strain on energy production increases continu
ously; an increase in the per capita consumption
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blems will aggravate them all in the near future.

5.

semetimes selfish plunge into greater energy con

The Simplification that the Energy Problem
has nothing to do with selfish or irrespon

sumption and greater environmental degradation.

sible human decisions.

5.3 The exclusiveness of the profit motive. Our
industrial enterprise has been guided, at least in

5.1 Materialism.

Materialism is a caimon philo-

principle, by the ideal that society is best served
as a result of cotpetition between many sources of

sophico-religious base for the majority of people
living in the Western world.
simply that to have is to be.
piness.

It claims quite

supply, each trying to gain a larger share of the

Things bring hap

market and hence a larger profit than its competi

We are bombarded by advertisement to

tors. In the course of this sharp competition,
the final product is supposedly improved, econom

purchase things that will make our lives complete,
happy and sexually fulfilled. The production,
the purchase and the owning of things is constant

ics are ensured, and incentive is provided where
it counts the most:

ly advanced as the way to the good life, the
beautiful life, the American life. Materialism

in the pocketbook.

In prac

tice, however, it is all too often found that the

demands the objectification of energy in order to

final product,is degraded because the necessity for

provide a tangible basis for personal worth.

profit has made quality an unaffordable luxury,

In

economies are obtained at the expense of the pub
lic and in order to provide larger profits for the

this context any responsible conservation of ener
gy becomes virtually impossible.

relatively small number of well-to-do investors,

5.2 Growth of energy-expensive industrial pro
cesses.

and the development of built-in obsolescence, the

By failing to include the total costs to

hard-sell of materialistic views, and a "public-

society in the daily balance sheet, industries

be-damned" attitude often follows.

have moved ahead to meet the demands of material

The growth of

large industrial monopolies and international car

ism and to obtain higher profits by adopting

tels leave the individual with little choice of

technologies that are ever more energy-expensive.

alternatives.

Commoner points out the areas in which rapid

When the profit-motive is the ex

clusive guide to industrial action, economic fac

growth in industrial production has occurred:

tors dominate all others, and energy, environmen

non-returnable soda • bottles, synthetic fibers,
mercury for chlorine production, mercury in mil

tal- and human costs never enter the equation.

dew-resistant paint, air conditioner, compressor

5.4 Nationalism and its counterparts.

Finally in

units, plastics, fertilizer nitrogen, electric

a global view of the energy crisis, nationalism,

housewares, synthetic organic chemicals, aluminum,

racism and etbnicism can be grouped together as

chlorine gas, electric power, pesticides, wood

analogous challenges to the responsible use of

pulp, truck freight, consumer electronics, motor

energy.

They correspond to putting seme group of

fuel consumption and cement. (5) Many of these

people about the welfare of all people, whether

areas involve both a greater energy cost and a

that group be the nation, the race, or the an

greater environmental cost.

cestral background.

In each case, the preserva

tion of the welfare of the group takes priority

The total energy used to produce the active a-

over all other responsibilities.

gent (of detergents) alone- and therefore the

They threaten

the responsible use of energy because they demand

resultant air pollution-is probably three times

that the group's energy utilization be maintained

that needed to produce oil for soap manufacture.

and expanded even at the expense of all other

The energy required to produce metal for an alurni-

groups' energy needs.
inum beer can is 6.3 times that needed for a
5.5 The Simplification that the Energy Problem

steel beer can. (6)

can be solved without the development of a variety

Modem progress has often been a thoughtless and

of new sources of energy.
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Since life is an-entropic process, the existence

native sources of energy, the one that promises the

of life is synonymous with the consumption of

most in terms of energy supply is controlled nuclear

energy.

The higher the form of life, the greater

fusion.

If such a process were developed, it would

the consumption of energy needed to maintain full

provide an essentially unlimited supply of energy-

functioning.

effectively by putting in human hands the power of

If human life is intrinsically good

then the consumption of energy is intrinsically

the sun itself.

good.

with technical problems, but its very existence

The question is: How much energy must be

raises the question as to whether the obtaining of

consumed to make life human?
No potential source of energy can be simply ruled
out.

The method is currently fraught

Human needs today and tomorrow call for a

continuation of energy supply.

Adopting any pol

a source of limitless energy would necessarily be
an unmitigated good.
When account is taken of the way in which human be

icy that simply closes the door on the develop

ings have polluted and degraded the environment

ment of coal, nuclear or solar energy seals off

with only limited energy at their disposal, what

possibilities that we may desperately need.

might not be the consequence of unlimited energy?

7. The Simplification that the Energy Problem
can be solved simply by the development of

At the conclusion of an article on nuclear energy,
the author significantly remarks,
Here is a final question. We have never
before been given a virtually infinite
resource of somathincr we crave. So far,
increasingly large amounts of energy
have been used to turn resources into
jurik, from which activity we derive ephemeral benefit and pleasure; the track
record is not too good. What will we do
now? (7)

a variety of new sources of energy.
Each new source of energy introduces problems of
its own.

In the case of broader utilization of

coal, the problans are those of environmental de
gradation and atmospheric pollution.
of nuclear energy,

In the case

it is a problem of technical

safety and political safety.

In the case of

One suspects that even the "ultimate solution" of

solar energy, it is a problem of cost and utili

the energy crisis will but bring heme more sharply

zation of such a distributed source.

than even the lesson that man is in no shape to go

Furthermore there are essential limits on how
much energy can be increased due to simple ther

it alone.

mal consideration on the earth.

8.

If the present

The Sirtplification that a major program of en
ergy conservation is not needed.

standard <bf .living of the rest of the world were
increased to that presently held in the United

It is evident that the waste of energy has both

States, and if during this time the standard of

ethical and very practical consequences.

Energy

living in the United States increased by only a

is a valuable resource of all the people of the

factor of two and the population of the world in

world, and for any p>articular people to be waste

creased by only a factor of tjwo - we will be gen

ful constitutes an affront against humanity.

erating heat due to energy consumption at a rate

thermore energy cannot be used without consequences

Fur

that melting of the polar ice caps is threatened.

on the environment; thus the energy that is used

Given these absolute limits, even the development

must be within the framework of that which is es

of an unlimited energy source does not provide

sential for human life - interpreting that broadly

unlimited solutions.

in terms of physical, aesthetic and spiritual needs.

There is also the question of whether or not we

What conservation means.

can have too much energy in terms of what to do

gy means at least three different things:

with it.

ping certain uses of energy completely, (2) reducing

The conservation of ener
(1) stop

the use of certain sources of energy partially, and

Can we have too much energy? Of all the alter
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(3) using energy more efficiently and putting

solar and wind energy are growing in number, and

waste energy to work.

An absolute reduction in

some of the developments can be adapted for in

oil and gas should be achieved through the sub

dividual existing hemes with or without altera

stitution of domestically available fuels such

tion.

as coal and nuclear (although here there is the
cotmon conflict with environmental concerns that

ger autanebile and taking full advantage of al
ternatives modes of transportation, including of

we discuss further below). The trend in transpor

course the bicycle and the leg muscles in walking

tation toward greater speed and convenience at the

also contribute to energy self-sufficiency. (9)

expense of decreased efficiency of energy use

9.

should be reversed and incentives provided for

The Simplification that energy conservation
itself, if successful, will not cause any

small automobiles, mass transit, and improved
traffic control.

Minimization of the use of the one-passen

problans of its own.

Good energy conservation prac

tices in the home should be encouraged, and im

The present economy,at least in this country, de

provements in construction and insulation support

pends strongly on the expenditure of energy.

ed to decrease energy loss from existing houses.

sic conflicts are certain to be encountered by

Technological advances alone will not solve the

any major attempt to effect a conversion to an

problem.

energy-saving lifestyle, as the success of this

Ba

attempt inevitably results - at least in a lengthy
In the area of agriculture:

more use of natural

transition period - in the loss of job and income

manures, weed and pest control at much smaller

for thousands of people employed in the correspond

energy cost, research by plant breeders for more

ing industries. A major decrease in the demand

suitable stock, a change in eating habits toward

for and tee of the automobile, for example, would

less highly processed foods, control of packaging,

be certain to have drastic effects on the auto

reducing the use of trucks for food transport and

mobile industry, whose health is often taken as
an index of the nation's health.

reconsidering the trend to ever-larger frostless
refrigerators. (8)

The rechanneling

of income to lew-energy-requir

Many of the above suggestions involve both energy

ing pursuits is in itself a major task. As long

conservation and improvements in the efficienty

as a dollar earned is a dollar spent for products

of energy use.

requiring energy use, no decrease in energy use

Self sufficiency.

will occur unless either income is reduced or the

One way to contribute to the

conservation of energy is to attempt to reverse

cost of energy is increased.

the trend by which the individual becomes depen

cost of energy has, in itself, dire effects on the

dent on outside sources for all of his energy

poor and those living on fixed income.

needs:

10.

turning down the thermostat in winter,

The Simplification that energy production is
not in itself destructive of human life and

wearing warmer clothes, shopping less frequently,

values.

doing by hand such jobs as mowing the lawn, mix
ing batter and brushing teeth that have become

The obtaining and the use of energy have always

electrically done in recent years, turning out

been destructive for some members of society.

lights, putting up storm windcws, servicing the

Most of us have not been fully aware of this,

furnace, using broctns and non-electric blankets,

however.

limiting use of television seeking local recrea

It is provocative to ask today, when

there is a good deal of concern about the environ

tions, heme gardening to supply seme of the fami

mental effects of strip mining,why there has been

ly's food needs and use of cooking methods that
minimize energy use.

An increase in the

for so leng so little ccnaem about the effects

Experimental hemes using

of deep-mine work, which under the best of con
289

ditions could not help but bring damage to the

were known that each year one million people would

health of the miners and under the worst of con

die or be fatally affected, It is probable that

ditions could be a guarantee of early death.

this source of energy would be judged too expen

If

there is a question about how much society in gen
eral would be willing to give up in order that no

sive in human life.

human being would have to suffer out of proportion

person who would never knowingly kill another,

to the rest, is there not just as much question

leaves a thousand to die just as surely by his in

about how much we would be willing to give up?

action.

So often we sirrply embrace the cultural situation

for another can be a noble and selfless sacrifice;

Suppose the number were one

thousand, one hundred, one? In many contexts, a

For a person to willingly give his life

without exercising actual judgment about it. We

for a person to subject another to a situation

accept that a certain number of people must die

where his life will be taken unwillingly from him,

in order to provide the convenience that the rest

violates most standards.

of us desire; wehope that we are not ourselves

raised here is an old one:

those who must die.

But we must then fact the

and continuously, as a matter of principle, harm

how many probable deaths will we

the few to benefit the many? And can excuse be

basic question:

The moral challenge
can we deliberately

accept in order to get what we want? We know that

sought in ignorance?

the automobile, simply as a projectile, is inevit

After this lcng surtmary of Simplifications that we

ably the cause of the death of thousands of people

cannot support, I am sure that you do not expect

each year, people who would otherwise have lived

me to provide any simple formula for the solution

on to enjoy life. We can add to this toll the

of these problems today.

contribution of the automobile to pollution and

a whole host of specific formulae treating indi

There must, indeed, be

the effect of that on the lives and health of

vidual aspects of the many problems involved, al

thousands* How much can we tolerate? This is the

ways seeking for a best solution in a complex

kind of challenge that we all must face In con

situation, and sometimes with seme regret settling

nection with alternative sources of energy.

^

for the lesser of two undesirable solutions in a
world that is characterized by a reality that de

Nuclear energy, particularly in the form of the
breeder reactor, can be considered as an example.

|

There are three areas of major concern about the
development of such systems:

But such technical inputs are not by

themselves sufficient.

Probably

Such solutions must in

volve a high grade of technical understanding and
know-how.

illegal acts, acci

dents and radioactive waste disposal.

parts from perfection.

Such solutions must also

be guided by a total perspective an human life

"illegal use is .... the most worrisome and least
resolved hazard, and a prime motivation for ex

that upholds the value and dignity of human life
against the exigencies of the moment.

ploring the possibilities of controlled nuclear
fusion." Estimates of danger due to accidents,

|

although statistically small, vary widely, how-

I

Faced with the inmensity and the complexity of the
tasks, we are sometimes irmob.ilized by a confusion
of responsibility and guilt.

ever, and orders of magnitude differences may oc
cur between different estimators; the probability

The concept of responsibility requires the possi

of injury for people living in the vicinity of an

bility of action (ability-to-respond); we are re

accident is obviously much larger than for others,

sponsible to do what we can, but we should not un

and an average over all people can be misleading.

derestimate how much this is.

How many additional probable deaths due directly
or indirectly to the development of new energy

It is important to distinguish clearly between cur
responsibility and our guilt. We are responsible

sources around the world can be tolerated? If it

to atteirpt solutions in whatever ways we have
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ability and opportunity; we are guilty only if we

ownership of a thing begins to take on an ultimate

fail to attempt.

aspect of his thinking-i.e., any time that owner

If groups with which we are as

sociated ccmmit irrmoral acts, we are responsible

ship of a thing becomes so important that loss of

to attanpt to change the situation, but we are

that thing would seriously deprive life of its

not guilty of the acts themselves; if we condone

meaning, he has forgotten the actual order of re

the acts or if we do nothing, then we becone guil

ality and has passed into idolatry.

ty as well.

awareness and acceptance of the human role as care

Thus individual American citizens

It is this

need not feel intrinsically guilty about the large

taker, steward, or deputy in the name of God over

consumption of energy by the society into which

God's world that forms the essential basis for

they were bom-unless they fail to act responsibly

Biblical approach to responsible living with re

in their own utilization of energy and unless they

spect to energy, population, food and the envi

do nothing to alter the pattern of use around than.

ronment.

It is doubtful vhether any longrange solution of

Even with an awareness of the false claims of cul

the energy problem can be found without a basic

tural materialism, however, living responsibly is

change in social value paradigms.

no simple task. A new definition of success is

There are key

elements of the Biblical Judaeo-Christian perspec

required, a definition in terms of being rather

tive of faith that seen to me to be particularly

than in terms of having. A new definition of ne

applicable to the problans related to energy and

cessity and luxury is required, a definition that

the environment.

does not allow luxuries to becore necessities with

Basic to a Biblical view is the concept of steward

out conscientious reflection, and yet takes full
account of the aesthetic as well as the physical

ship. Although this tern is an old one, one that

needs of human beings.

extended to the totality of personal life, it has
tended to becane spiritualized and religicized to

God requires that His people be faithful.

mean little more than contributions to the churdh's

not premisesuccess necessarily, but he also does

financial needs.

not allow the unlikelihood of success as an excuse

But such offerings are only a

He does

small portion of the total claims of Biblical

for disobedience.

stewardship.

attempts at responsible stewardship are constantly

The concept of stewardship extends

frustrated by a multitude of factors:

to cover what one does at hone, at work, and at
play as well as at church.

In the world in which we live,
cultural

styles, unconcern of others, powerlessness to make

Social evils must be

recognized as heinous and as destructive as in

major changes, political practices-the very struc

dividual evils.

ture of society itself. Perhaps the greatest chal

Life and its problems must be

faced by whole men and wcmen with an integrated

lenge is to exercise responsible stewardship in a

technical and moral perspective that embraces

situation where such stewardship is discouraged

every aspect of human responsibility.

and all but made impossible.

Biblical stewardship is based on the position that

The individual can be a faithful steward of energy

ownership can never be ultimate and must always be

by living himself in a way that reflects a desire

temporary.

to be responsible both to the present and the

The universe and all that is in it be

long ultimately to God alone.

future.

We understand our

This challenge is both to be personally

role clearest when we see ourselves as caretakers

faithful and hence symbolic, each person living

of what God has for a short time allowed to rest

in a way that reflects a desire to be responsible,

in our hands. Any time that a person's concept

and also collectively faithful and politically ef

of ownership of a thing begins to take on an ul

fective, together striving toward greater social

timate aspect of his thinking-i.e., any time that

consciousness and improved social practice.
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FOOTNOTE

This paper was developed out of the dis
cussions of an informal workshop on the
subject at Stanford University during the
summer of 1975.

Those participating in

the workshop with the author were Miguel
Guilarte, John Mahan, Kim Mitchell, Henry
Rodeen, Charles Rogler, Brad Scharf, Vir
ginia Scott, John Strikwerda and Hugh Vander Plas.

The latter two are alumni of

Calvin College.

Portions of this paper

were given at the Calvin Centennial Col292

